One hundred fifty-four survivors of acote myocardial infarction were observed for six years. Patients with anterior lesions had increased mortality in the acote phase of infarction, a trend not sustained during the long-term follow-up period. Recurrent myocardial infarction and intraventricular conduction disturbances were associated with relatively high short-term and long-term mortality. Four groups were defined. The high-risk group had congestive heart failure, major bo'ndle-branch Mock, previow myocardial infarction, ventricular tachyarrhythmias, or second-or third-degree atrioventricular Mock The lowcorollary to the development of a new thera-A peutic technique is the requirement for d e h itive diagnosis and prognosis. The evolution of surgical treatment for congenital heart disease during the past 30 years illustrates this principle. Accurate diagnosis is essential for proper application of surgical therapy. Accurate prognosis is necessary to weigh the risks of surgery against the natural history or projected course as modified by medical therapy.
A peutic technique is the requirement for d e h itive diagnosis and prognosis. The evolution of surgical treatment for congenital heart disease during the past 30 years illustrates this principle. Accurate diagnosis is essential for proper application of surgical therapy. Accurate prognosis is necessary to weigh the risks of surgery against the natural history or projected course as modified by medical therapy.
The same principles apply in the field of coronary arterial disease. The present communication deals with the fate of medically treated patients six years after myocardial infarction. An objective of the study is to define the postmyocardial-infarction patient who is at sufficiently high risk to consider interventions which are themselves not innocuous.
In previous reports, we have described the inhospital mortality among patients with acute myocardial infarction.14 Our studies placed special emphasis on three factors which related to survival after acute myocardial infarction. These included location of infarction, presence of previous infarction, and intraventicular conduction disturbances. Other factors considered were age, ventricular and supraventricular tachyarrhythmias, second-degree and third-degree atrioventricular block, and congestive heart failure. ' From the Coronary Care Unit, Good Samaritan Hospital, Dayton, Ohio. This research is supported in large part by a grant from the Arthur Beerman Foundation, Dayton, Ohio. Manuscript received July 18; revision accepted August 28.
Reprint requests: Dr. Weinberg, Good Samaritan Hospital, 1425 West Fairview, Dayton 45406 risk group had none of these stigmata Each category was divided into those under and over the age of 60. Only patients in the low-risk group, over 60 years of age, (24 percent) had a six-year survival comparable to the standard actuarial projections. Thus, 74 percent of the survivors of the acute phase of infarction had a six-year mortality far in excess of the general population. Some were particularly vulnerable during the first year. These findings may warrant reappraisal of the indications for diagnostic and surgical approaches to managing patients after myocardial infarction.
The data base consisted of 212 consecutive episodes of acute myocardial infarction occurring in 208 patients treated in 1967 and 1968. The mean age was 80.5 years (1 SD, 11.8 years). One hundred fifty-nine episodes occurred among men, and 53 occurred in female patients. All were treated in a fully equipped coronary care unit.5 The diagnosis of transmural myocardial infarction was based on an appropriate clinical syndrome correlated with electrocardiographic and enzyme abnormalities. When the diagnosis was obscured by previously existing left bundle-branch block or electrocardiographic sequelae of necrosis, substantial elevation of enzyme levels in serial blood samples was required for inclusion in the series.
A comprehensive data code sheet was completed for each patient at the time of hospital discharge for future computerized analysis. In addition, each chart was reviewed for compiling final data used in this study. Regarding the fate of patients six years after myocardial infarction, information not available in my files or the hospital records was obtained by questionnaire from the patient's physician. Twelve of the 166 sunivors were lost to follow-up. The long-term analysis presented in this report is, therefore, based on a group of 154 patients.% During and after hospitalization, each patient was under the care of his personal physician. The results, therefore, reflect the use of similar facilities, nursing, and house staff, but not necessarily a unified therapeutic philosophy.
The in-hospital mortality was approximately 22 percent.' This is slightly higher than the overall mortality in the coronary care unit where the patients were treated. A group of 1,385 patients with Of the 154 patients who survived the hospital phase of acute myocardial infarction and were followed-up for six years, 98 survived. The total mortality was 36 percent.
An objective of the study was to determine whether the factors which contributed to death during the acute phase of infarction continued to relate to mortality during the long-term follow-up period.
In the acute phase of infarction, mortality among patients with anterior infarction was 29 percent (311 108) ; mortality was only 13 percent ( 12/96) for those with inferior lesions. The location of infarction did not prove to be a factor in prognosis over the next six years. During this time, mortality for anterior infarction was 38 percent (29/77), as compared with 32 percent (24174) for inferior infarction.
A history of previous myocardial infarction was associated with a 36-percent mortality (20155) during acute infarction. This was slightly more than twice the mortality ( 17 percent or 261 157) for those with no previous episode. DBerential mortality for these two categories during the next six years was similar to that of the acute phase, with a mortality of 56 percent (18132) for those with previous infarction and 31 percent (381 122) for survivors of a &st episode.
During the acute phase of myocardial infarction, the presence of intraventricular conduction disturbances was one of the most striking factors associated with high mortality. Forty-seven percent (24) of the 51 patients with intraventricular conduction disturbances failed to survive the hospital phase. Mortality was 14 percent (221161) for patients with no intraventricular conduction disturbance. For the subsequent six years, increased mortality among patients with intraventricular conduction disturbances continued. The comparison of mortality was 56 percent (15127) for patients with intraventricular conduction disturbances and 32 percent (411127) for those without such disturbances. Further analysis of the group with intraventricular conduction disturbances showed that left anterior hemiblock as an isolated electrocardiographic finding was not associated with a materially higher mortality than the overall series, either in the acute phase of infarction or at long-term follow-up. For those patients with isolated left anterior hemiblock, the short-term mortality was 29 percent, as compared to 22 percent for the overall group; the sixyear mortality for patients with left anterior hemiblock was 33 percent (4/12), as compared with 36 percent for the overall group.
Mortality was, therefore, analyzed among patients with intraventricular conduction disturbances exclu- sive of isolated left anterior herniblock. This group is described as having "major bundle-branch block" and includes left bundle-branch block, right bundlebranch block, and bifascicular block. Among the 15 patients with major bundle-branch block who survived the acute phase, four had right bundle-branch block. Two of these survived the six years. Nine of the 11 patients who were discharged from the hospital with left bundle-branch block or bifascicular block died during the six-year period. No patient with complete left bundle-branch block survived the six-year follow-up period. Sudden death and death due to pump failure appeared equally in this series (Table 1 ) .
Of the 34 patients with major bundle-branch block, 19 (56 percent) died during the acute phase. At the end of eight months, 74 percent (25) had died; and at the end of six years, there were only four survivors, yielding a long-term mortality of 88 percent ( 301 34 ) .
Ventricular tachyanhythmias indicated a high risk for both the acute-phase and the long-term groups. Table 2 shows a 46percent mortality (13128) during the acute phase and a 67-percent attrition rate among the 15 patients with ventricular tachycardia who survived the acute phase. Both short-term and long-term mortality among patients with supraventricular tachycardia during the acute phase showed no material increase in mortality. It is noted that in a previously published analysis of 590 patients with acute myocardial infarction from our coronary care unit, the acute mortality in supraventricular arrhythmias was 38.5 percent.' Patients with second-degree and third-degree atrioventricular block in the current series had a relatively low mortality during the acute phase, but the long-term mortality was far in excess of the group as a whole. Age was a more important differential factor in survival during the acute phase than it was during the long-term period. The short-term mortality for patients under 60 years of age was 12 percent (12/97), as compared with 32 percent (34110.5) for those over 60 years. During the next six years, the mortality for survivors under 60 years of age (341105, or 32 percent) was only slightly less than the mortality for those over age 60 years (29171, or 41 percent ) .
The total mortality during the six years after infarction was 36 percent, or an average of 6 percent per year. Twenty-one patients, or 13 percent, died during the first year. Of the three major factors emphasized in this study, only intraventricular conduction disturbances seemed to contribute to excessive first-year mortality (Table 3 ) . m e predominant cause of death during the six years following acute myocardial infarction was recurrent myocardial infarction or other cardiovascular causes. This is shown in Table 4 .
As might have been anticipated, patients with congestive heart failure had a higher mortality in acute phase of infarction and 31 percent (431126) during the long-term period. When congestive failure was present, the mortality was 30 percent ( 12/40) in the acute phase and 46 percent (13128) during the next six years.
Combined with the other data presented, this information permitted the survivors to be divided into relatively high-and low-risk groups. The high-risk group was defined as any patient who had congestive failure, major intraventricular conduction disturbances, previous myocardial infarction, ventricular tachycardias, second-or third-degree atrioventricular block, or some combination of these factors (Table 5 ). Within the high-risk group, there was a long-term mortality of 50 percent (30180). This compares with 27 percent in the low-risk group. It is of interest that among the 28 patients with congestive failure, there were only three patients who did not have at least one other high-risk factor. These three patients with isolated congestive heart failure survived the six-year period.
The high-and low-risk groups were further categorized in terms of age (Table 6 ). Those in the low- risk group under the age of 60 years had a 24 percent mortality (14151) during the six-year period, and those over the age of 60 had a 32 percent mortality ( 12/69). Among the patients in the high-risk group, there was a 48 percent mortality (12153) in patients under the age of 60 years and a 51 percent (18171) mortality in patients over the age of 60.
For the 59 patients in the low-risk group under 60 years of age, the average age was 51 years. Using insurance actuarial tables, it would be projected that four patients ( 7 percent) in this group would die over a six-year period. This compares with an actual finding in the study of 14 deaths (24 percent). For the low-risk group over the age of 60, the actual number of deaths was 12 (32 percent ), as compared to a projected number of deaths of 11 (30 percent). Among the high-risk patients under the age of 60, the actual number of deaths was 12 (48 percent), and the projected mortality based on the actuarial tables was 8 percent (2125). For those at high risk over 60 years of age, the actual number of deaths was 18 (51 percent), as compared to a projected number of deaths of 12 (34 percent). Thus, only in patients in the low-risk group over 60 years of age is the mortality for six years after myocardial infarction comparable to the general population.
The attrition rate for the high-and low-risk groups was analyzed at intervals during the six years after infarction (Table 7) . This analysis helped to define the group responsible for the high first-year mortality noted in Table 3 . Of special interest is the high mortality at one year (25 percent, or 15/60) in the high-risk group. It is also noted that at one year the mortality in the low-risk group is 6 percent (6/96), and at two years the mortality is 8 percent (8196).
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It is generally accepted that during the past decade, which has been described as the coronarycare era, the in-hospital mortality from acute myocardial infarction has been reduced however, in the present series the long-term mortality for survivors of acute myocardial infarction is similar to that reported for patients treated over the past 40 years.
In 1954, Cole and associatess at the Michael Reese Hospital, Chicago, reported a five-year mortality of 33 percent for patients treated between 1932 and 1951. They noted that intraventricular conduction disturbances, congestive heart failure, ectopic rhythms, and recurrent infarction related to decreased long-term survival.
In England, Honey and Truelovelo reported three groups of patients treated during the 1940s and 1950s. These investigators described a first-year mortality of 13 to 15 percent, which is similar to that reported here. They defined a high-risk group of patients with congestive failure, atrial fibrillation, atrial flutter, multiple extrasystoles, gross cardiomegaly, and a history of previous infarction. Their high-risk category had a first-year mortality of 23 percent, and the low-risk group had a first-year mortality of 5.5 percent. This again is nearly identical to that reported in the present study. The five year summary of Honey and T r u e l~v e '~ showed a fiveyear mortality of 25 percent among the secalled good-risk group and a 50-percent mortality among the high-risk population. These investigators estimated that, compared with the general population, the group of patients under 60 years of age had a threefold chance of dying during the five-year pe-nod. The over-60 good-risk group was the only category with a prognosis approaching the general population. This conclusion is also remarkably similar to the experience described in the present report.
Norris et al," well known for their prognostic index, reported a three-year mortality of 33 percent in New Zealand. Age, increased heart size, pulmonary congestion, and ischemia were considered to be high-risk factors. Analysis of this same series at six years12 showed an overall mortality of 48 percent, which is higher than reported in the present study. Factors contributing to higher mortality during the six-year period were age, cardiac enlargement, pulmonary edema, and history of previous myocardial infarction. Location of myocardial infarction proved not to be a differential factor in long-term prognosis. This was also consistent with our findings. Among 16 cases with left bundle-branch block, 69 percent were dead at the end of six years.
Peel et all3 listed age, shock, congestive failure, abnormal rhythm, and previous history of infarction as unfavorable survival factors over the long-term period. In 1964, Pell and D'Alonzo14 observed a fiveyear mortality of 25 percent among 932 men who survived 30 days after infarction. These investigators showed that the projected mortality for agematched employees of the DuPont Co during that time was 4.2 percent. Beard et a119eported a fiveyear mortality of 31 percent among patients treated in the early 1950s. Working in Sweden in 1960, Sievers16 compared the attrition rate of the general population in various age groups with that after myocardial infarction and found strikingly higher mortality in the postinfarction group in all categories.
Waugh and associate^'^ studied the one-year survival after myocardial infarction in patients with and without bundle-branch block. These investigators showed an 11-percent mortality in the absence of intraventricular conduction disturbances. Their so-called intermediate-risk group (including pen-infarction block, left posterior hemiblock, left bundle-branch block, and complete left bundlebranch block) has a one-year mortality of 27 percent. Their high-risk group (defined as patients with bifascicular block and P-R prolongation and patients with fixed P-R prolongation in the presence of intraventricular conduction disturbances) had a first-year mortality of 50 percent. This study, in keeping the with the data presented here, emphasizes the high first-year mortality of patients with intraventricular conduction disturbances and the increased incidence of sudden death in this group.
Rigo and associates18 followed-up patients for approximately 20 months after survival of myocardial infarction and found an 18-percent mortality in patients with transmural infarction and a 19-percent mortality for those with nontransmural infarction. The thrust of their observations was to emphasize the high mortality during the first few months following the hospital phase, even in the nontransmural group, which had a 13-percent in-hospital mortality, as compared to a 22-percent mortality among patients with transmural lesions. Vismara et all9 analyzed the course of 44 patients after hospitalization for transmural myocardial infarction. The period of observation averaged 26 months and ranged from 13 to 38 months. During this time, 20 of the 44 patients died. Of these, 12 died suddenly, four of congestive failure and four of noncardiac causes.
The study of Vismara et al,lS using Holter monitoring techniques, related the presence of ventricular arrhythmias appearing late during the hospital course to subsequent sudden death. An important corollary shown by their data, which Vismara et all9 did not emphasize, is the high mortality during the first few months after the hospital phase of acute myocardial infarction.
The most recent report analyzing long-term mortality is from the Coronary Drug Project Research This study used male patients, aged 30 to 64 years at enby, who had verified evidence of one or more myocardial infarctions. This was a relatively good-risk group and was limited to functional class 1 and 2 of the New York Heart Association. The patients were also free from certain specified diseases and conditions. In this group the five-year mortality was in the range of 21 percent. In their placebo group, there was a five-year mortality of 15 percent in functional class 1 and of 26 percent in functional class 2. For patients with congestive failure, this same study reported a five-year mortality of 33 percent, with a 19-percent mortality for those patients without congestive failure. Considering that this study used only patients in functional classes 1 and 2 of the New York Heart Association and that their top age group was 64 years, it appears that no dramatic change has occurred in the 1975 study of long-term survival of patients following acute my* cardial infarction, compared to the data of the past 40 years.
There is no long-term series analyzing the course of patients who have had myocardial infarction treated by revascularization surgery. The Cleveland Clinic data21 show improved long-term survival in patients with occlusive coronary disease subjected to revascularization, as compared to a group of patients with occlusive disease documented by coronary arteriographic studies who were not subjected to such surgery. Comparing operated vs medically treated patients with single-, double-, and triplevessel disease, Sheldon et aI2l found an annual attrition rate of 4.1 percent, as compared to an 8.8--percent mortality in the series of untreated patients reported by Webster et The latter study shows 'a relatively higher mortality in multivessel disease. There are no data at present to validate a conclusion that any of the high-risk patients described in the present series would, in fact, show an improved mortality if subjected to revascularization surgery; however, it may be postulated that patients with myocardial infarction and particularly those in the high-risk category are very likely to have multivessel disease. In this sense, one might extrapolate from Cleveland Clinic data that revascularization in suitable cases might promote a more favorable survival rate than medical treatment. In the series presented here, only the low-risk group over age 60 (37 patients, or 24 percent) has a mortality comparable to the general population. Thus, 74 percent of the survivors of the acute phase of myocardial infarction have an exceedingly high mortality. Some have increased vulnerability during the first year. The data presented may form a basis for reappraisal of the indications for definitive diagnostic and surgical approaches, particularly in those patients whose projected natural course after acute infirction is so ominous.
